Abstract: We present a formalism which uses fluxes of equivalent photons including transverse momenta of the intermediate photons. The formalism reminds the familiar k tfactorization approach used, e.g., to study the two-photon production of cc or bb pairs. The results of the new method are compared with those obtained using the code LPAIR, and a good agreement is obtained. The inclusion of the photon transverse momenta is necessary in studies of correlation observables. We present distributions for the dimuon invariant mass, transverse momentum of the muon pair and relative azimuthal angle between muons separately for elastic-elastic, elastic-inelastic, inelastic-elastic and inelastic-inelastic mechanisms. For typical experimental cuts all mechanisms give similar contributions. The results are shown for different sets of cuts relevant for the LHC experiments. The cross sections in different regions of phase space depend on F 2 structure function in different regions of x and Q 2 . A comment on F 2 is made.
Introduction
The production of lepton pairs via γγ-fusion in hadron-hadron collisions has been studied for a long time. Substantial interest in the exclusive lepton pair production was generated by the work [1] , where it was proposed to use this process, which is calculable in QED, to measure the luminosity of a collider. However, regarding the investigation proposed in this paper, we are interested in the multiperipheral collisions, which are presented in Such calculations are typically performed in the equivalent photon approximation [2] . Here the ingredients are the photon fluxes, which are fully specified by the electromagnetic form factors of the colliding hadrons, and off-shell cross sections (or density matrices) that describe the γ * (q 2 1 )γ * (q 2 2 ) → + − process. It is also straightforward to include the breakup of the incoming protons: here the relevant fluxes will be calculable in terms of the total (virtual) photoabsorption cross sections -or structure functions -of the beam particles. All the relevant expressions for the photon fluxes are given in the review [2] , and also certain off-shell cross sections can be found there.
As will be discussed in the present paper, the calculation of inelastic unintegrated photon fluxes requires knowledge of the proton structure functions in a broad range of x (quark/antiquark longitudinal momentum fraction with respect to the proton) and Q 2 (photon virtuality). In the deep-inelastic regime, the structure functions (parton distributions) are related to the proton's partonic structure and undergo DGLAP evolution equations. At low virtualities the structure function cannot be calculated easily from first principles and has to be rather measured. There are some simple models to extend the partonic F 2 to nonperturbative model (e.g., see Ref. [3] ). This model nicely describes virtuality dependence of the Gottfried Sum Rule [4] . The very low Q 2 region was parametrized in Ref.
[5] including pronounced resonance states by fitting data from SLAC and JLAB.
In this work we also bring attention to the fact that the relevant formalism for γγ-fusion reactions in the high-energy limit can be understood as a type of k T -factorization, where the photon fluxes play the role of "unintegrated" (transverse momentum-dependent) photon densities. Indeed, as will be seen below, the cross section takes the exactly analogous form as the k T -factorization formula forjet production via gluon-gluon fusion (e.g., see Ref.
[6].)
Here we go beyond what is available in the literature by addressing distributions in the transverse momentum of the muon pair as well as the azimuthal decorrelation of muons. We also use a variety of modern parametrizations of the proton structure functions and discuss the uncertainties related with them.
Another quantitative description of lepton pair production is the LPAIR event generator [7] , which is based on the calculation for two-photon processes [8] , and also has the possibility to include proton dissociative processes. We compare the results of our k T -factorization approach to the results obtained with LPAIR.
Considering the two-photon production of low-and high-mass systems, this work is also motivated by the fact that the experimental results for exclusive dimuon production with the CMS detector indicate that the description provided by LPAIR is not accurate for large transverse momentum of the dimuons [17, 19] . Then, in this paper we explore the corresponding phase space using the LPAIR and the theoretical k T -factorization approach, in order to understand the possible effects that can contribute for this discrepancy between data and theory, which can be related to the proton structure functions or rescattering corrections not taken into account in the event generator. This paper is organized as follows: in Section 2 we describe the theoretical approach. Next, the results obtained with the proposed approach are presented in Section 3. In Sec. 4 we study the exclusive µ + µ − production with the use of LPAIR Monte Carlo generator. Then, Section 5 presents a dedicated survey oriented to compare the theoretical predictions. Finally, our conclusions are summarized in Section 6. Figure 1 . Diagrams representing the multiperipheral two-photon processes studied in this paper: (a) elastic process, (b) single-dissociative and (c) double-dissociative process. In all three cases it is possible to study lepton pair production, like e + e − , µ + µ − and τ + τ − , whereas X and Y represent the hadronic systems resulting from the proton dissociation.
2 Lepton pair production including electromagnetic dissociation of protons at high energies: a k T -factorization approach
Kinematics
We want to describe ultrarelativistic collisions involving particles A, B with four-momenta p A , p B which fulfill the on-shell conditions
It is useful to introduce the light-like momenta: 2) so that p 2 1 = p 2 2 = 0. For an arbitrary four-vector a, we then introduce the Sudakovdecomposition:
Correspondingly, we have the Gribov-decomposition of the metric tensor:
The euclidean components of the transverse part of a four vector a ⊥ µ ≡ g ⊥ µν a ν will be denoted by a T , so that:
In the high energy limit adopted by us, we regard as small all quantities of the type:
where m, p T stand for the mass and transverse momentum of any of the participating particles. In particular, we have that:
Our calculations will be accurate to power accuracy in the small parameter , and below that we will no longer distinguish between quantities differing by O( ) amounts wherever possible.
Pair production amplitude
Our discussion of the pair production amplitude follows, with small notational changes, closely the discussion in [9] . Let the four-momenta of leptons be p + and p − , then, in the Feynman gauge, the amplitude takes the form:
with
The vertex describing the transitions A → X is: 10) and its square is related to the hadronic tensor:
Using the Gribov decomposition of the metric tensor, one can show that the leading contribution in the high energy limit is obtained by substituting in the photon propagators:
After this substitution, we obtain for the production amplitude the compact "impact factor" [10, 11] representation: 13) where
The normalization is the standard one:
15)
The photon q 1 , q 2 four-vectors have the Sudakov decomposition:
where from the on shell conditions of
, we obtain the small Sudakov parameters 17) as well as the virtualities of photons
The cross section differential in the lepton rapidities and transverse momenta can be written in the form familiar from the k T -factorization:
where
The unintegrated photon densities F
, where (i = el, inel) read explicitly:
20)
Notice that it is a property of the high-energy limit that fluxes of transverse and longitudinal virtual photons are equal and only the structure function
2.3 Off-shell cross section
The second ingredient of our calculation is the off-shell cross section for the fusion of virtual photons, which reads 1 :
We parametrize the lepton four-momenta in terms of their Sudakov-parameters as:
Then, for the off-shell cross section, a particularly simple form can be obtained in terms of the variables [9] :
The familiar structures 
Here we indicated the terms corresponding to photon 1 being in the longitudinal or transverse polarization states and the respective interference contributions.
Decorrelation of leptons
The k T -factorization formulation is especially well suited to the description of pair production in the region of phase space where the total transverse momentum p T sum = p T + + p T − of the lepton pair is non vanishing. In the case of intact protons in the final state, the backto-back correlation of leptons is very strong and in fact an equivalent photon approximation with collinear photons would have been of sufficient accuracy. The situation is different however in the processes with inelastic excitation of the proton, where a large transverse momentum can be transferred via the photon exchange.
Let us look at the situation when one of the protons stays intact, while the other one dissociates. We can then obtain a very simple form for the cross section in the limit that the decorrelation momentum p T sum is much larger than the cutoff in the elastic form factor Λ ∼ 0.7 GeV. In this limit, we can neglect inside the matrix element B the transverse momentum of the photon coupling to the "elastic" proton and hence integrate out one of the photon transverse momenta. The decorrelation momentum p T sum is then exactly equal to the transverse momentum carried by the second photon. Neglecting lepton masses (which is anyway appropriate in the kinematic region of interest in this paper), we obtain the compact form for the cross section
is the Weizsäcker-Williams flux of photons in the elastically scattered proton. This result is fully analogous to the decorrelation momentum distribution ofdijets in the photon-gluon fusion obtained in [12] .
Results of k T -factorization approach
In this section we present results obtained within the k T -factorization approach discussed in the previous section. We have written a new code called pptoll based on the k T -factorization formalism which performs all the integrations with the help of VEGAS method [13] and calculates many differential distributions, both of single-particle type as well as of correlation type. The code used by us is similar to the one developed for production of cc quarks (e.g., see Ref. [14] ). Let us start the presentation of our results for integrated cross sections. In Table 1 we present integrated cross sections for two different sets of cuts for single muons:
They will be called low p T (p T > 3 GeV) and high p T (p T > 15 GeV) in the following for brevity. We have collected results with different deep-inelastic structure functions [3] [4] [5] . While for the low-p T cuts the elastic-elastic contribution dominates, for the high-p T cuts all contributions are of the similar size. The Szczurek-Uleshchenko (SU) F 2 structure function [3] gives larger cross section than, e.g., the parametrization obtained by Fiore et Table 1 . Cross section (in pb) for µ + µ − production for two different sets of p T cuts and two different structure function models at √ s = 7 TeV. The additional cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV are used in all cases.
al.
[5] of the CLAS collaboration data. The numbers presented in Table 1 obtained with the code pptoll agrees with the Monte Carlo code LPAIR [7] . We note large differences between results obtained with the SU and the parametrizations by Fiore et al. for inelasticinelastic contribution for different models of F 2 structure functions, especially for high-p T cuts. We shall return to this point in the conclusion section.
In Figure 2 we present distributions in transverse momentum of muons. The distributions drop quickly with growing muon transverse momentum. Different contributions have fairly similar shapes. This reflects matrix element dependence on muon transverse momentum which is the same for different components. Figure 3 presents the corresponding distributions in muon rapidity. While elasticelastic and inelastic-inelastic contributions are symmetric with respect to y = 0, the mixed contributions have maxima at y > 0 (elastic-inelastic) or y < 0 (inelastic-elastic).
Now we go to correlation observables which are particularly interesting and can be studied conveniently in our formalism. The invariant mass distribution shown in Figure 4 is a first example. All different contributions have similar shapes.
In Figure 5 we show distribution in transverse momentum of the muon pair. The elastic-elastic contribution is peaked sharply at p T sum ≈ 0, while other contributions have long tails towards large p T sum . In the collinear approximation used, e.g., in Ref. [15] , the transverse momenta of two muons are fully balanced and this type of distributions cannot be studied in that approximation.
Finally, Figure 6 shows the azimuthal correlations between outgoing µ + and µ − . The elastic-elastic contribution is sharply peaked at ∆φ ≈ π while two other distributions have long tails down to ∆φ = 0.
Different models of structure functions have been proposed in the literature for F 2 structure function in broad range of x and Q 2 . In different phase space regions, defined mostly by experimental cuts, one tests F 2 in different ranges of its arguments.
Let us concentrate now on the region of large transverse momentum of the pair. In this region, as discussed above, the elastic-elastic contribution gives negligible contribution and inelastic contributions have to be considered. Muon transverse momentum distributions for low-p T (left) and high-p T (right) cuts. The different lines represent elastic-elastic (solid), elastic-inelastic (dashed), inelastic-elastic (dotted) and inelastic-inelastic (dash-dotted) mechanism at √ s = 7 TeV. The additional cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV are used in all cases.
We first consider the mixed components (elastic-inelastic or inelastic-elastic). In Figure 7 we show two-dimensional distributions in transverse momentum of the muon pair (p T sum ) and transverse momentum of one of the virtual photons. We observe a strong correlation between p T sum and transverse momentum of the "inelastic photon" (the photon which leaves proton in the excited state). For this photon the virtuality is Q 2 i ≈ −q 2 i,t . Large transverse momentum means therefore also large virtuality. For large virtualities partonic structure functions which undergo QCD DGLAP evolution are adequate. The SU structure function, which in this region is just partonic F 2 , is therefore a better choice than the Suri-Yennie (SY) parametrization [16] used in the LPAIR event generator [7] , which is adequate for small Q 2 and does not guarantee correct dependence at large Q 2 . Then, standard well-known partonic structure functions should be rather used.
For inelastic-inelastic component the situation is, however, more complicated as is shown in Figure 8 . One can observe two characteristic ridges around the diagonal p T sum = q it and for small q 1T ≈ 0 or q 2T ≈ 0.
To understand the two-ridge structures of Figure 8 in Figure 9 we show a two-dimensional map in (q 1T , q 2T ). The corresponding cross section is peaked along q 1T and q 2T axes, where in tails q 1T is small and q 2T is large or q 1T is large and q 2T is small. One clearly sees that for inelastic-inelastic contribution, even at large p T sum , unlike for mixed components one is sensitive to low virtuality physics of resonance production. Therefore, a careful treatment of the low-virtuality region of F 2 is for inelastic-inelastic component particularly important.
Further studies are clearly needed.
LPAIR Monte Carlo studies

LPAIR event generator
We performed an additional study using the LPAIR Monte Carlo (MC) event generator, which accounts for the electromagnetic production of lepton pairs in e + e − , ep and pp 3 collisions [7, 8] . One should note that the LPAIR generator does not take into account hadronic corrections to the cross sections, due to rescattering, for example. LPAIR has been extensively used by experiments at HERA, Tevatron and the LHC.
Instead of employing the equivalent photon approximation (EPA), LPAIR accounts for the two-photon interaction in a 2 → 4 process by computing the full matrix element, e.g., for the pp → p + − p diagram [8] . The hadronic structure of the proton is then effectively taken into account by multiplying the proton charge by appropriate form factors or structure functions. Muon pair invariant mass distributions for low-p T (left) and high-p T (right) cuts at √ s = 7 TeV. The meaning of the curves is the same as in Figure 2 . The additional cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV are used in all cases.
In the case of an exclusive production (Fig. 1a) , the probability of a photon exchange from the proton is accounted by the electromagnetic form factor of the proton in the dipole approximation:
where k = Q 2 /4m 2 p and
where G E is the electric form factor and G M the magnetic form factor of the proton, with µ = 2.79 being the proton magnetic moment.
On the other hand, in case of semi-exclusive production (Fig. 1b,c ) the photon exchange leads to the proton break-up. Here, the SY parametrization is obtained from a fit to the available data for the total γp cross section in the resonance region [16] . The data employed to obtain this parametrization corresponds to the measurements of the cross section of photonucleon processes and inelastic electron scattering, with center-of-mass energies up to √ s ∼ 20 GeV. For the purpose of proton dissociation into a hadronic system, LPAIR is interfaced with the jetset library of pythia6 [18] in order to compute the kinematics of the final-state particles. Depending on the chosen structure function, the low-mass system can decay into ∆ + and ∆ ++ resonances while the high-mass system can decay into a larger multiplicity states with ∆, η, and K resonances.
The results obtained with LPAIR in general agree well with recent measurements of the two-photon production of dileptons in CMS [17] . One should note, however, that the predictions for the exclusive production are weakly dependent of the modeling the proton structure, and it is not the case for the semi-exclusive ones. This paper will make use of large event samples produced for the exclusive and semiexclusive two-photon production of dimuons in pp collisions at √ s = 7 TeV.
Detector acceptance
The study of the exclusive two-photon production of dimuons with the CMS detector has shown a good agreement of the LPAIR predictions with the data, but at the same time a significant disagreement was noticed for a part of the semi-exclusive production. As seen in Figure 6 of Ref. [19] , the transverse momentum, p T sum , distribution of the muon pairs in the high-p T sum region is not well described by LPAIR. Specifically, the LPAIR simulations do not reproduce the suppression seen in the data for dimuons with p T sum above 10 GeV. This effect can potentially be connected to rescattering or absorption corrections which are not accounted for. In order to understand the possible source of the disagreement, we perform here a more detailed study of the LPAIR predictions of semi-exclusive two-photon production of dimuons at √ s = 7 TeV.
As discussed in Sec. 4.1, the SY default parametrization of the proton structure function in LPAIR is based on data obtained with low incident energies, corresponding to the photon-proton center-of-mass energy √ s between 1.11 and 18.03 GeV, and low photon virtualities -approximately Q 2 < 10 GeV 2 . On the other hand, the data collected by the CMS Collaboration for the semi-exclusive two-photon production of dimuons evidently contain events involving very large photon virtualities. In particular, it concerns the region of the pair high p T sum , where the disagreement is observed.
In order to test sensitivity of the LPAIR predictions to modeling of the structure function, we introduced a more recent parametrization available in the literature, such as the SU parametrization used already in the k T -factorization approach. In the context of the experimental studies, we restrict the phase space by similar kinematic cuts as employed in Ref. [19] : p T (µ ± ) = [3,50] or [15, 50] GeV and |η(µ ± )| < 2.5 for each muon and an invariant mass of the hadronic system, M X , between 1.07 to 1000 GeV. As a result, event samples with one million events are produced at √ s = 7 TeV for each of the PDF parametrizations with the production cross sections presented in Tab. 2.
For the Q 2 values below the range of validity of the parametrizations, the approach in the SU parametrization uses a shifted value (Q 2 + µ 2 ) of the factorization scale and is rescaled by a factor which ensures, that F 2 → 0 when Q 2 → 0. Figure 7 . Two-dimensional distribution in p T sum and one of transverse momentum (q 1T or q 2T ) of the virtual photon for elastic-inelastic (top row) and inelastic-elastic (bottom row) components at √ s = 7 TeV. The additional cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV are used. Figures 10 and 11 show the p T , and pseudorapidity, η, distributions of single muons for the SY parametrization in comparison to the SU one with p T,min of 3 and 15 GeV. One sees that the p T distribution have an overall agreement, while the η distributions have significantly different shapes. This effect already shows that the integrated detector acceptance correction is sensitive to a choice of the parton densities. Figure 12 and 13 show the distributions of the dimuon variables the muon azimuthal angle difference and the pair transverse momentum. For high p T (µ + µ − ) the shapes are similar, whereas at the low p T the differences are more pronounced. This region is related to the lower Q 2 values, which depends on the approach used to describe the photons with low virtualities and explains the shift in the peaks for each parametrization around p T ∼ 1 GeV. Similar effects are observed for the ∆φ distributions. For completeness, in Fig. 14 the distributions of the photon virtuality are compared.
To better clarify the origin of these differences, in the following the results obtained with LPAIR are compared to the complementary approach described in Section 3. Table 2 .
Production cross section obtained with the LPAIR code for the kinematic cuts of p T (µ ± ) > 3 or 15 GeV and the additional cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV in all cases.
) (nb/GeV) ± µ ( T /dp σ d We are interested in better understanding the p T sum spectra, which can be nicely studied within the k T -factorization approach proposed in this paper, but cannot be addressed in simple EPA when transverse momenta of photons are neglected. Therefore, we wish to understand the correlation of the p T sum with other kinematical variables. In Fig. 15 we show some examples of such two-dimensional correlations. In the upper plots, the distribution in M X and p T sum is shown for p T > 3 GeV (left) and for p T > 15 GeV (right). We observe that the shape in M X strongly depends on p T sum . At lower p T sum the M X -dependence is very sharp, while at higher p T sum the dependence is much weaker.
The lower figures show distribution in (p T sum , ∆φ). One can observe clearly back-toback type of correlations at small p T sum and almost complete decorellation for large p T sum in the case of p T > 3 GeV (left). The case of p T > 15 GeV (right) is, however, much more complicated. One observes some areas which are forbidden due to kinematics.
LPAIR vs. k T -factorization approach
For a complete overview of the physics related to the two-photon production of dimuons, we also studied the electromagnetic interaction of two off-shell photons with the help of the LPAIR code to be compared to the k T -factorization approach, as described in Sec. 2. In case of elastic-elastic events we observe good agreement within the kinematic cuts used in this study although the agreement gets somewhat worse when the p T -cutoff gets larger.
In the following we concentrate on distributions for elastic-inelastic events, in which one proton dissociates while the other one stays intact. We now turn to a brief discussion of the differences between the k T -factorization and LPAIR results. In the following, for the purpose of comparison, we shall in both approaches use only the F 2 structure function. First of all, the F 1 structure is not so well known at low scales and, secondly, it is only F 2 which appears in the high-energy limit.
We begin with the comparison of the p T sum distribution, shown in Figure 16 , for both the low-p T and high-p T cuts. We observe some deviations in the shape of the distribution, especially for the high-p T cut, where there appears to be an overprediction of large-p T sum pairs, and a deficit at low p T sum in the k T -factorization approach with respect to the ∆φ(µ + µ − ) distribution of muon pairs in the final state taking into account p T (µ ± ) > 3 GeV (left) and p T (µ ± ) > 15 GeV (right) and also additional kinematic cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV in both cases. The distributions are obtained with LPAIR using SY (solid line) and SU (dashed line) structure functions.
LPAIR results. This difference must be ascribed to the use of high-energy kinematics in the k T -factorization approach.
Firstly, recall that due to experimental demands we integrate up to a very large mass of the excited system M X = 1 TeV. It is obvious that at such large M X , the "small" Sudakov component of the "inelastic photon" [Eq. (2.17)] is no longer negligible with respect to the momentum fraction x. Among other things, this entails that momentum fractions x 1,2 cannot be calculated from the muon kinematics alone, but must be calculated taking the full final state into account.
Secondly, in the most general case, the fluxes of longitudinal and transverse photons will differ [2] , and a more involved decomposition in terms of the full density matrix of photons must be adopted.
Notice that these deviations are concentrated in a kinematical region of large longitudinal momentum transfers. In impact parameter space, this will correspond to a domain of intermediate to small impact parameters, where absorptive effects are expected to be important, and the theoretical uncertainty associated with them is arguably higher than the here observed deviations of the two approaches.
In the plots shown in Figs. 17 and 18 , we present other kinematic distributions for both the k T -factorization and LPAIR approaches. The similar comments as above apply as far as deviations between the two approaches are concerned. 
Conclusions
In the present paper we have reviewed the production of muon pairs via the photon-photon fusion in proton-proton collisions at the LHC. All types of processes (elastic-elastic, elasticinelastic, inelastic-elastic and inelastic-inelastic) have been discussed. We have performed the calculation with the code LPAIR supplemented by the proton structure functions. The related uncertainties due to lack of precise knowledge of the latter objects have been studied and discussed.
We have also proposed a new, somewhat simplified, method to calculate the processes in terms of photon unintegrated distributions that depend on photon longitudinal fraction and its transverse momentum. The results of the calculation have been compared with the results obtained with the LPAIR code. Rather good agreement between the two approaches has been achieved. The formalism proposed by us can be used not only for calculating integrated cross section or single muon distribution, but is especially well suited for efficient calculation of correlation observables. As a results, the k T -factorization approach can be extend to allow the study the of absorption corrections in inelastic collisions.
We have calculated distributions in dimuon invariant mass, in transverse momentum of the muon pair and in relative azimuthal angle between outgoing muons. The calculation has been performed separately for different components and different proton structure functions from the literature. If the cuts on muon transverse momenta are imposed all components (elastic-elastic, elastic-inelastic, inelastic-elastic, inelastic-inelastic) give similar contribution. While the elastic-elastic contribution is well under control, the inelastic contributions are subjected to uncertainties of the order of 20% or even more for some regions of correlation observables. We have now at our disposal a good tool to calculate dileptons as a background to many other Standard Model processes. In many cases such a background was not even estimated. Similar method could be used for other photoninitiated processes.
We have shown that different regions of phase space are sensitive to structure functions in different ranges of x (longitudinal momentum fraction) and Q 2 (scale). At present, there is no one set of structure functions in the literature which correctly treats all regions of x and Q 2 . We have used different sets of proton structure functions from the literature and quantified uncertainties for cross section predictions for µ + µ − production. They are typically of the order of 20%-30%, and, although a significant sensitivity to the parton distribution function is observed, it cannot explain high-p T results obtained by the CMS Collaboration.
In case of the semi-exclusive events at large p T of the pair absorption effects must be included in the calculation. We do not need to mention that the calculation of such effects in terms of kinematic variables is not an easy task. While some early discussions of absorptive effects in lepton pair production do exist [20, 21] , these studies concentrate on an entirely different kinematic region than in this work. It therefore needs to be understood Different two-dimensional correlation of p T sum with M X (upper plots) and with ∆φ (lower plots) for p T > 3 GeV (left side) and for p T > 15 GeV (right side) obtained with SU parametrization. In addition, we apply in both cases kinematical cuts of p T < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV. whatever such absorption effects could be extracted by comparison of the calculated cross sections with the measured ones. This subject will be studied in more detail in the future. Kinematic distributions for single muons obtained with LPAIR (dashed line) in comparison to the k T -factorization predictions (solid line) for the interaction of off-shell photons as described in Sec. 2 taking into account kinematics cuts of p T > 3 GeV (left column) and p T > 15 GeV (right column) for inelastic collisions. The histograms are the results obtained with LPAIR using the SU parametrization. All distributions are obtained with the kinematic cuts of p T (µ ± ) < 50 GeV, |η(µ ± )| < 2.5, and M X = [1.07,1000.00] GeV.
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